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A'-CiJo 7,+ ^M3 1 0 ^fflV^t , FD V 1 O«¥*ftCr^l£;ft0jj£ 

J^ff'iE^ (RfltfaJSfciirESU) i'-HI^1-^ii:^-ciSo -jfcfc, HP 
£3 2 0O#mi±> M^?f^ >^)Ji fctirBSmC7Kv-> 3 ->^)Jtv^ 
J;^ HD^if'tLT^^ 7 3 1 0 KfctfiFDV 1 0 ^IHIS&tff-JV 

h (rag) t±, >r>f ^$ojs fcii r^i^tc* >jx>T->g 

*Llc J: *j , FDV 1 0WjEHt&iaieao f ffi&W7*-^*ffi^1-£o ^-<0#®UJ: 
^-coHM 3 2 0<7?^fi-C*«>^ ^FDVl 0 0&&*;£foj^ ft 

Suite, «£><75«fi#|&&^ 
fctffuffc&fcv***, itiii, f D v i o ^H^-riifcv^K&ll-^-e** 

wii^s « <7) v 7 h 7 x r -effl ti i s -r - 7 £«t & #8; * 
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3t^-^4o° x4o° K>uft&j3-x_z(.mft}tiz\t mm} wu 

<r> V - ^f- ft^/SfR] A \z. «£ o T&#t ? ftS ffi&oS^&K J: o T H S 2 ft* ) 
V 

CD 4 0° X4 0° ^S^^KIttffiO t'i 1: 1 1}^ f J i t ^ , ^<7)S* 

, - ok fia> i * § » * £ \±-w<v g mm * s ft it-i- a & « *s& sifc 

14 & i t ^-C § £ o - g ft £ jififc-r -6 * I' l©Ift ^fe £ ffl 

o 3£ b< fi, gfiti* 9^IlFDA«0l<0S:^:J£ ( e y e safe ) f44, 3*1 c 7 ) 
±5 0m«ili:fc^S+6mra(?)5Wt^o ffic^ttflH; £s 

v> x it , ntm 5 - 6 tf ^ -t n ^ wm^mm^ tux&ty, 

UmWd, m.%<DVm.ffi%t*± 1 mml^+ 5 0 m£frfc&± l mmO^MJt 

js^ ^ j: o t ^ * <5 & v * s *t * - 1 i> %iit><D m mt%w&fc<o*% 

&Tfc, FDV1 0^SlL^»J^«||^^t^ o FDV1 
0 <£>3fcf: h 9> 0 2 ©/ny^@§:||6 1^1" <> U 5 0 2 (i, 

*/^^£H»2 0icO^*°7 ^^@«jtl2 0 Lfcft^ 

J: co .X *° -eoBEHit iW^t- a o 

H6£#BBT£i, I — -^f- 6 0 2 t±, U-f-WSf 6 0 4^«tt3tl 
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fr^!tbm&Wfrhftffl<D^W&%ZtLfcftt<D 1 0 0 - 3 0 0 /iSe 
c&flfc, mt L< 5 3 2 mm«tlT\ AJV^*^1-£ 0 

^>i?-) 6 0 6 &loTfe|^t> %W~J»KtX%. 6 0 2 (i, @»20± 

0 &3e3:fcfcft/w*(i, iiS^D» 6 0 8 fciiCTteBSft&o 

6 0 8I±, ailJ^^^X*^g^t^1-*^mT^a 0 ^c7)j££ 

6 1 4 £j£fiLT@lfttl2 0±«X* c y MC^fS]1-&^\ W^A***)^* 
^«»2©M <94>ftWI$M, $§Sf U*3~76 1 0 Kit Ir] Sfrlfco 
0 ne«1-*ffl.tJ*^ 0 ^^<7)-ec7)^ / ^(iRW^2 0 h<7)7,*°-y y\z$m 

1 2Ci^n 0 ^<^*§?6 1 2 it, ^<D^%rl)V7^%%^^)V^-\z^ 

^ffitf6 1 2<7?ffliJfi«^/'<^^?!(»> &l£>fcO (^tU±S»2 0 
^^oT|^?^^^If/iJPX?)i2^/J^^^i:tf:^LTtai^6 1 2C 

m^m^e o 8itfw ^3-y6 1 o *m&-rzytm&<o&*K 

^2 0iOX*-7 M^77^f MSHflSrWi*:-*-*^ 5 >^lHlg&6 1 6 K« 
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|Sd7li, 6 0 2 «-*M^1-7 v n-> ^^-e*S 0 V-f-it7 

mmm&m k * o tms ft* 2 o^®* $ jt^ * *j * * ji^-fr tr <, ^ -^f- f- 

y 7° 6 0 2 fi, 8 0 8. 5 n m ± 3 n mTl&f^l - * V V y FT, r - h f -i t ~ F 
7 0 4 CJ:^T^>77';7'?tiTv^o F*°7 7 7 0 4<DlHt)iM 

mitt, $m%?~y-l 0 6^fflv>T^«£)f^ix.Si^:J:oTii$ti 
So ^-ftf- F*°7 7°7 0 AcoU&te^T- 5 7 0 8 £ «fc -^TiMfe? ft, ^ 
Mg^ft^atii^*- Fffi*«7 1 0tC7-f- F^'7 7?tl^o 

U8t\t&®*<Dy'{*- KKjBDTSfc***, -?-ft.Ji-*£9n-ti2 on*^3 o 

7 777^ A-^ffiTjSft&o Milrcl$K*°>7°7y 7°$ ft& ?>J7,?JVV— 
^f- 6 0 2 «miJi±> l-0 6 4 /l mt?W«J3 5mWt4l3, -f^lii, 15 
kH z»HtSS-Pft2 8 0 Psec|f < 2 0 4 /* J A^^Kffl^1"£o vJk^-^E- 
K7r>f/^l±, Mi L< ti, SMA 9 0 5 7 'J y F7573^ ^Ciot 

* y 7 * ;v ^ t> ft mmw S ft T , ft it^$ <£>ft ifr M 1? fi j£f£ H ft K * 
<7^ij7?;V7 02 # 5 #ft# ?tll>it 3&M£iIE 3 ft . & o 

ll^KTP mmi^? 'J X 7 ^ 7 1 2 ^\ W^f- f- y 7^ 'J 7 ? JV 7 0 
2CD$m<r>Wi^ U7 - hJH*|fcft&3ft"CV>So iftHJ:^ 5 3 2 nmt¥^ 

7 -56*1 2mWOl/-f- 6 0 2 ^ t>ft^:©HJ^ 0 *ftli, *b 2 1 8 PS 
es#|f-T^0. 8 ^ J ^^Jl/^i:ffi^1-* 0 l^-^f- 6 0 2 frh<D^<DWriK$Mj 
it, mtm^KiSK (of ij , #^co^m^7i7 Ml^oi^i:, Sf^ 
iiMi^^), ZO&Kit, H^ttc0 5 6 ,«mc7)7^7 

fda^ 97.110 @ K^ftmnmfmmK^i-r^^mmM^'Mmimt, 0 
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MM 


I 


.2^ J 


.3 


1.9 5 Hz 


II A 


. 2 /i J 


.3 9juW 


1 9 . 5 Hz 


II 


.2mJ 


1.0 mW 


5 kHz 


III A 


.2 juJ 


5.0mW 


2 5 kHz 



£fi\ Melles Criot^-^jv^o 9 LBMo 13, 1 0 x tf-A^^o 5 
0 2 fi, ^£©a«J»tfflr^1-£V-^-e-A©^tJtWl-a^#f|SfS: 

5 0m«(Eii:bfcoT6mraJ: i9$tVM/e 2 * a * if- Affi^fcT-A Sr^JjE-f 

155 7 Alt M^Bj^M^ 5 OmT^l mm<™itir?«H£ ill] SSI'S £ t ^ 
T§£tV^#®*#ofcT-A^^|6 0 6<&J3U£>^jfiM7 5 0 £^1-<> 

*&fiE1-4^e>T*4o L^U tf-AJi, 5 0mm7^^ (H§P) £M 
Mi, tottH-cii^4i9^:§<*4-c**?o lot, 5 

0mtlram|g^t©f-At^7 5 0 it ><7> 
i^it^tH, #ijBT^^^1^7 5 2 *mt& 0 ^tf-i>}£ 
5 0 ft PSBTf^iiP 7 5 5 t^OfIg£f|flJ»^£$gtt £ffix_T^T 

, if-AciiiqmmKtiri ai <£ ? iv-f-^f>«ilii, 

i a u - £ ^ £ & o & £ f$ f R V s d o m #t $ II K v y X k i t 4 j£ s 

*i^^C0li;#(7)7v*°^ b it do= 2 f A /Dti4 8 
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^o^^^^-rsfc*^, &nw~^^7 54 (@7 a) fimmzti, % 



*§5«§*6 0 8?)*fi$l£S8 K^-<J- 0 ^Wg$««ffi6 0 8 Oft^tt, 
If ^ AJ£^6 0 6 M**^ 5 0 4 i If- A ^2 0 tf^^lt 

s jifcUD tr-A t Mti:44 a km&zh&o lot, 1 o/iitwi&fffc* 

8 0 2 3&*&ttkft"C^"C, 5 0 %<Z>fcT-A*:/iJ 9^ 8 0 4 W*:<?>*J4 > K7 8 
0 2^±Mtt*j-£>tLT^& 0 ^;v^^l/-^f- 6 0 2 ^ (bfcjiS ftT, fcf~ 
At^6 0 6 7^ 8 0 4 HH^I"* 

o IP* OiSfc A,£~<D%;3-^)l<3?-&, ^CD^-^7,7°V 7 9 8 0 4 

It? JlT^^rl-t 5 0 4 ^»?>ft »3 It fcT - A X 7 U y 

^ 8 0 4 £MLTffiK|4-^<7)lf-A7*n 7^ 8 0 6 K^^tZo tf-A^n <>- 
^806 ©Eltlli/J^i^t, tf-A^n ^ 8 0 6 ^£&^AJVX<^L 
OfBfrlitT-A*:/'; 9^ 8 0 4 KM "9 , ^LT, 1 0 t'fattTKIt? 

XA 8 0 4 K i oTfff < ^S«T\ > K<? 8 0 2 Kfr^l" 
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M 8 A Z&WtZ t , 1 mmffffiO&lfcW »£lt«S£$J&§? 8 

, MM 2 QKMba MM 2 0frt>CDM*)ft^^X<VjK3frtt, 9-OK98 5 0 

7 5 %£MT& «t 3 £jE^3*UZ>o 

Rtre^o *<Dm&K\t. M*)ft'*)i<xte, EitKihM9 0 6 S*iTv> 

Kit W*f~6 0 2 W&<ffi%:2tLt:}£-J**tii%-t2>b, ElfM 
9 0 4 (i 2 offil^MLfcf ^#|&£RJ§t«£^o J; ^ Ctlftt^ 
^H^H (2 0 %-$RV3 0%-P) o ? fcSlfcfllKfc^-ni, *t 

ti&^fiOi^ftig^l-^ t«T*4o ^«0^*^-r V^3-7°6 1 0 14, TO 
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&5 0mmSPV>^t^TUv> o <D V y X it , tfcft$6 1 2 HAS^JV 

-7° 6 1 0 tlKli, I^OX*'? MiMff 6 1 2 J >9 &7v§ < 

Mff6 1 2^<55AW^°7-(±, rb^r3-7'6 1 0frt>tt%.2 0 it?) 

7 -Si, t^3-7"6 1 0^e>^*2 0 f -e^BESE^-^i: LtW^o # 

ffl«ttH^tofcr3T^fflS6 1 2^(7)Alt*<7)^ or 7-(7)^^^ft^HT&o lm 
V£i3V»Tli, 2^T-<7)iSSBTf^^^^"^- 
h>"rV-X3-7° (MxJi\ 1 mm^ tf- IW£ S-fflv^it 

mm 

1 2 ti, lGHzj; ^^^t^I^jfo7/t7>yi7* b^>f*- -cap 

5 0 4 »4^*Ot)0-P«tV^o 5 0 4 (ift;tjA;vx£S£i2J& 

V7, 3 -7° 6 1 0 KfB^ItSo X-tft 5 0 4 M«^7^f -Jl^ F<7> c c 
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(El 6 A) £ff££^\ f *«gff S^EI H - A ftflti ^ ffl 

A. 5 

<T7jC^Pffirt-C(± 3 6 0 Cfcjt S x. 4 ^ t ^'t I 4 CM*^ 
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if/ 1 tz \ti±±\fK m-rztfmo&iE - t ^-e § & 0 

, if r^" P ^XlflE&TC r^JBii^fi^ t«7D - f a y y^fHffi'M 

^WJ:^i:fx^ j&«fx fc ft a 0 
**^ffl«m^»W-<7)IE*f £P I DfttJ«S-e&*K -€-*L(±D S 

MreDSPCiott yyj^tu 0 ^ODSPfi, 2tfc, 3-7>K€^t 
i9-|^>^t^ttItS lit: «fc oTiE?i&^f£l£#tfJl--&o 

<a x v ? JV 7 s n -fe v ^ { ± , o r ^ n >r * * ^ ^ f ijft H S K ft L ft 1 £ 

-^-myviy^iim^^x^^v-^-im^^^^^inm^^ 
- v - 1* * -\ -v -y- «if ft k & *) fe&-r^ § *sb £ st £ u % zntc 
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^ t & t> k tfmmft £ ti & 0 ffl v *i s ^ it# a mm ? a * fe&vffim 

y 7,7-7,* 

mm^M&y i - to F&£%J&<D&4?K It, 1 Xii 2 J£LL<e>5 x * x * * > a 
^->fflv>P,tLa 0 llCli, jfeSI±-^lRl (oiU, W9-f >J:Sr, 1tt~> 

ill >b ff fc *i & v xo -c\ co 5 1 £ & L \ t « k ffiS K jiff 1" a i £ # & £ 0 

^-^IfffiKJ: t<)jgmKM£*u pCto) = P o, p'(to)=o, P "(to) 

= o, PCti) = Pi p'(ti) = os.o f p"Cti)=o^$ ) ^ , **ui, 5^#®^*s 
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0 Oflj, p(t)=(p 1 -p [) )t' J (6t' 2 _15t' + 10) +p 0o fcfzL, t' = (t-t^)/(tl 



y7^-7s^^y<D^\±, mm^m±^hi,(D^\ z^&mtw&x 
v y i?j * - v T) ^ k m k. x , m w nmm <r> m k &m t & # m comm % mi- 

SiJ * (D fijf k *s v> -c , nbs^ £ fciri,:t<o^s n&coffi&gi m £ ffl v> x , & 

^ <?? mm % KmLxw&Kfigtwmtemwy -?tm h & x tam $ ti * 0 

i-lfns^ ^ - V > v |:-/7f tftk CS^ * * ^ -f S 111 
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5 y-cDm^nnbti&o %^m^*&m?zmmtffi.* 



ilSeiS-JIfttJo &&§})^V &1 0 ft r a d rtW&MJKSr-S-X-S 

*-9<otok essf iitciifilli -e#Sj$ tix , b h ft mm £ s ti 

tztth \z 5 n * o Sffi , * o ? 5 - si -£ n^«Sti# it §15 1- ft* ft . s f 
-eKgjSftfco 3M~> *©jfeSES 9-fm»^m«lgfjj£ft, ^ftiiM^+j 

'J-;?8 10 £ <fcoT^7>£ftT, 1/^X 8 3 3 T If- A £ 7 7 >f r< 

3 lli:|ltS:^i:J;ot, ^V^/Wt- KC*7 7^^8 3 0 

Hig^ft& 0 ^7r^f 8 3 2co«®li> ^ft^tti&if-A^^ 

1 0 HA* fcT~A t ^ 'J ^ b ?ft£ «£ 9 CEt?*l4 e f©77^f^ 

7 r -f^-^ffiTJ? ftVc/^KXj^tJcii, 7 7^-KA2>/^KX£>3f^tJ; 

«fssm£ srflfl jg-r £ 7t ft n ffl ft , nfB&w ^ & # £ ft s mmm &m k *t t 

MJCB 1- a KS*«ff ft s o 
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8 3 4S^^5tW^RIt*tT9 mcttf-eiJo ^ftffifeft* 

jK-^*tai ? titji ») ^ i « 8 3 3 itSo $tz, %<n-m$& 

7J£ft, 3H*m&#f3ft, **Ui, ft^WI-liS^ft^ft^Sft&o -co7°n 
$SM£ft& 0 ^?>fe*, -mwvx, M-%3-1 0^$«^«$ft, * 

1 0 KW0tt\fhtltc^'\$i<?>mjMB%s-6 1 2±^CDJ|^JV 

k£^ts±, *om^*-Y ^^EiBm, ^c7)**^°^^^"-ffi(7)L§ v^amj± 

#II]KL^WtW<;i^M;L&/h£&^KX 3 8 1 0 K Bf 1" & 1J » P^ ii 
> HtL^v^tt^^^tSSx-a^^&^JV^ 3 8 3 0 HHH-SilJjgl^raJ: ^ ®< 

«iSQX^7f»v^^nf7yk-f-i;J;^ x M ? ft A o # 
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«£tl, ^tU^ €^ s «$tL^^^JV^®X.7t^KX^ 9 3 Ofcffl 

•^■(i, ®5ia[ll{§3 9 1 0 fcfciy&SfU ^ME0S£«tB7jfi, 7s4 7f 

3 9 3 OtflBt&ftfcfc iKti^-ftfcSICTiifr U fit, i^7^7f^'| 
C^tMi:fcfcot«OT3 9 4 0 WSJiio ^Mf±, Jt&i£& 

£ 14 > If 5>01&?>W7 * o ^ • r v * >V«& 3 9 5 OKioTt/' 7°JV $ fl 

4 19 gv>H#S6Sc£#o 0 fcf-^lfettJSIOffi^ li^WAji/^j&^Hi 3 frlfc^fcl" <* 
^^o ^ ^^-J^#E^«IE•ri>^*Kffl^^,tl^>^.-*- F^7 7^A- 8 3 0 

7£fMK ^co1iiE(±^^ISffiK«$ti2)o Z<D&JEi* 
CO gffi # & H & *5JU£ (7) HI it L T^gffi Wiffl Se^^lE* * ft IE t & ft £ ffl 
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0 - 3 0 0 05M<7?*£H^**o 

Y<o^mt, m<V\ti±^-< ?)i<Ki5\f ym&t |W|-fc 

5^?) *° > t: > ^5i3££ ^ S91- & -tcio tilts - 1 ^-e £ & o f V * 

* Jt K J: o 8f Crc B# t \z , ptjfP* 7 V * £gctr £ 1 K J: o T*° > fc° > ? 
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Biti mm 

m mn^MB-w (to k m-tz % v - ^ - % -t & tz m mm <d m 
a y \l x. - 9 mm 

hM-f > 9 7 
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rU M 3 *L T v »4 # jv Ay 7, * ^ f i v >f ? n 9 V 7 ^ W S U f ^14 * # o ^\ 
, -fey r£c^7.^-^ F'J 7 h^#fil-rs £ hWT&i X 9 £ 2 

o co g ij 3 n y. - ? a** * -v * ? 9 - ffl k ffi* * Sfe t & «9 , -e a 4) ji^ at 
l^tmm-f&t, frm7* nwi? v & 

^yu~VKm-ri>^7^y YTkXT~A'r-fr-& lt#1" Sit ^'C § & o 

t, wmnmri-y^^~t^z> 0 mt i>mm~D s p tii^ir 

^ttTfrm^W 5 Stanford Research Systems?) s r 

6 2 OMMT^^'-^ffl^T^t^o -g-CD^-s&O^ >?7x-.X|i 
, I EEE 4 8 8-f >'^7i-Xi;U^'e$^o Hi LV^jfifllKiJ^TW: 
% Stanford Research Systems^ S R 6 2 0 8*mfflM7 i~ 9 A ^~~^<VMin4 > 

9 
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7x-XliI EEE4 8 8 £ 0 

1Z 0 ^^mBl±, -HKl»fc>l 0 0 mhz-cfpgjjl- £ ? n ?£fflV>T£ 15, 

5 psec^ 2 OPsec RM S^MJ: ;g|fje#fffl£ 

h7°n h n;v£fijffl1"& 0 o| 19 , % coD P Sfi, 

tt M m <v £ a & v - y k *i g 1- £ i t k & * o 
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»2«*^9i±, *-03fe5Mttj&*h JV^-^tmmt 44 J: ? ^@E®?tl-&o # 

r>a**-jTO4C?«o - - "C W.Mtit<?> in <D iim ft ft f± fi^-e fi 4 ^ 
Kittftti £ k K X o TUC & < i t § £ o M SftfcHflifcSefiSftfcB 

mm 

vmMtmn s ft £ & k * & 0 

m^Mf m?L&\ 1)5° ) ^2^A^5l±, -f^^Stl^^-f^tr^A t 

l x^&m \±mi)-f ittmi, * w ft & t , /h s * ^ ;v - 7°co h° ^ 

■feJKi, l^— i oTffJ}£ft, ^ft£>£>t±^-t?;v<7)fi^(i5^ ^-K J: ^ 
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3 y \L =l - 7 ¥ ? 7 A 2 (CGP) 77F^x7 

M 1 5 t , CGP40l±CGP3>t^-^ 1 5 0 0 t^Sl L F D 

V 1 0 V7 f9X7|fti)So C GP 4 0 ti 9 7° ]- y 773.^7 

-fxr-i/a yfrfrfrg < <rsm?£Z>MM<D^y tf a- ?-cftiil-& 0 cgp 4 

*-sj?- KcoJ; a frMtyK*^?? ?-\±}$kW 1 5 2 0 i, v7^coi 9 &® 
SJ£#>f >f ^ >^Sfii 5 3 o i 5 o o-e^i&l-So Z 

l/TtS/^i:?^ 7*7 'J <-?i>(Dmy£$}% 3D?770 

^*^4£t^|4 e 3 D tf a -IftS <77 ^ > K 7 r - ^ 7° n y ^ ^ 
y 3 > C G P 4 0 .3-- -tf - -f y 9 7 - 7s <D-3& 3 D 7 4 7* 7 'J - t~ X 

CGP4 0I±*CT 3Df-^iW7 4 -)V KftcD^-rMt^^fl-^o 
CGP 4 0 fi^-f MMFDV 1 o^fiJfd^MW^^-e^io, **Ui, B 
fl&^r^M, ^-S^^^sra^k, ^ffi^iUTjtra-Mh, -7~^tjv 

3Dt fJMHat, 3 D m%iK A- T- & 0** f Jkf - M-^t WfcMft, 75. 
coM«0 7* - M^7*-?n (O't— ^|<OCADlti:i 

7 b>?x7©^l±, ^#C0S^7C^7*MtC0^C0 7 o a-b7,t*3lt-g>4ji'» 

j^ftfco FDV1 OOfMflU jSiii, M^M^N %AtW&V> 

i#i;J:S^f;Hh, 7- 7°£ LTXI47- 7°£ L&v>y- >&f§K -ty7W±f£ 
M K M^ft W tf ffi 1^?, 0 

S 1 6 £ > JlfEOftftli, ^4<H^77^f :/ 7 H.^7 W > F7 

Wtilft^^H s tiS 0 -/j<7)<7>7-f ^ K7 1 6 1 Oti, FDVlOIUo 
Tj£S ? ti £ i^OlMi* Srfflte-f £ ft K ffl v» P, 9 ~ 7 y Y z/ - > <D tf f 3 ^ 
Hff fcfc^U |J^7-f > K7 1 6 2 0 14, $10^1 tit^ffiOfMlfTO^ 
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t^t^o 3 6>K, C G P 4 0 50co^-f > F^MLTFDV 1 0 
o 

FD V 1 0tf*ra^<9*£il!flfe2 0?>77|nl£fa< o 

^ v^t^^Sfit J; o t EiC^ f JHtf ^ tl, J o L o T 

Ml 7S"#M1"*t, 7&»#P<7) l o^^gii, FDVl O^f^fflffi^tL^v 
f/M^ffl^K tr-r^flflUOg^l 7 2 0 £ K7^1"& <fc ? 

<Dhm-±^X7t&2ii&mi&*m^-fz>ttfr-e^&o CGP4oii, fdv 

1 0«^!KU, M^I«Wftt^J;^:a-f^fg 

C GP 4 0 (±^C^«STO^fSM^'lf^^FD v 1 0 e>fc a v 

> Fi:»^o ^^P,(7)3^y F(i, TC P/I >7-?lS(?)J: 5 & 
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ilifS^i^TFDv i o ^(Dffij&z titer- ?i>m~<D^&* 

:H s t^ 0 rW^co*?ic^J:oT^-Y^t«1-& t, tekA,t'<D3 

£ ^ -e, Hrfc £ m&mm £#je1" Sit Ti^-e Ho &i<oHkLr \i 
S 0 Urfc 4 j£Stmtt*^5E1-4 * * 9 > K -)*fflv>4t, if a - 

£ #H ±M ft 1- s i±n k * & ^ - - 1 ^tfioW^n^ 
MS 
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T-?WB%ji<DM. 1 7 3 0 COM? flfc^'J s> Kft^MTS «t 9 fc^frS *l 

#^^fi, fii^FDV 1 0 K£^>XfcMZtit:b |}:, r - * 7 -f > F7 
1 6 2 0fii:$/T?Wo CGP40 o T^-f- (ir - 9 <D 3 D fcTjL-fc 

AJU^osat^fe-fe^t J:itfcfi<c#£S:ff ?i H*i?IJ 0 jfeSEBtlB 1 8 l 0 

*m i s r-.^LTio *) , **u±, ,i^ra^.^B^^i-o 0 1 8 K^-rn? 

tS^t^t^ SI 9K^tJ:^:, #SfcWfe*tt $ W:£$7 4 - JV K 1 9 

«1- & or 1 1 to * * jt& 7 -f - k \t , n * e> ti t ± j^<7) ^&-e m m k ? ti 

Jo CGP4 OrtWrWAUSti:, jfe47^f-^KWV^ h*^LT4s»), * 
*U;j;i9, #f-^A(i'tt3tS7 K tragi" *>„ f^47-f-JVKtt 

5HfJ 

li , H-<&tt*<a^ffi^ jfeSc 3 it & £ -» K ^ - 7-ftt" & 7°n * 7 
Xti#ftM^7^ -;VK£M^T»LT& J;^ 0 ^SJ7n-fex(iMT^^ 
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^^$,&Mfe_hc7)^M^^tf lXf4 2J£Jl_h<7)7£^7-f - *H010 

0 2 1 &&mtZt, ^gtf>ft&tf>OT#f>?)jfcSt£2 0 1 0 14, 1X(±2& 
3. - " - (4 K m IS T H "J. - CD 7j fa * gft L T & <r> 7° - JU cd + ^ jf r g cd* ffl ^ 

72 2 1 0 , 2 2 2 0aO t 2 2 3 0A I , >1 >t tlPJJt ^ v - ^ 7 )V*i«7jffi^ 
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m®$Lto7 4 y h 

^iS, ^M^MHfi, H^^ r/i, Hff), 3t#, Rft# 

&£j^1-£J: a^H^B^co^ y->a*fflv>Sit £^tfo Si ScOjfeMU 
1 8 1 0 \t m 2 3 Kjgrf X *) Kffifrtii X *) H ^ y Va*t2 3 1 OPtiit ^ s 

*Jit) £t££tt * &@EftK7^ f aftf^*, ^fiic^y^^M 



(51) ft* 2 0 0 0 - 5 0 9 1 5 0 

*(75^;v-7 P 2 2 1 0 . 2 2 2 OS. ^2 2 3 0 (4, A^-C§ Hfrey? 4 y 
•f-f y^T^^'JXA^ffl^T, {Hftl0 2 4 H^1"¥ffi2 4 1 0 , 2 4 2 0 

« P£ (4 , 2t»0 ; ^ ;* - * K X v T#g $ fi Z> % <DM$L m t £4* J: ^ T 

Rfe»£STlS4, 0 2 5K^T£<9lW2 510^02 6 l^TRf » 
2 6 10 K o *<7)Rffi££tf\ 7 -f y h $ *l£1--<T<7)M#n4, * *)2f 

2 6 1 0Xf47C<7?&2 5 1 0Xlt^tih(D^t &~&tzfrKmK-t & c\ tft 

7 10*, B2 8K^-tM1>MfrLtzM2 8 1 O^fttiik^T 

***)§|S2 9 1 0 M*. 4 £*U;:J:-=>t\ ^Mfc^n-fe^^TI" 

P3iSl4 5o©^9^-^CJ:oT^*tr^S 0 oj^ Rfj < JEM 



M^^itrcHo ^coft^te^^HcoMfi, RHittttsiJMff-c^s 
R if ? pt - * £ T'Tl 1" 4 ft co f§ 2 © a , - m.<n & % r >k a ® k m&-r 

F(p)= 0 =q Pi 2 +c 2 P. 2 +c 3 p 3 2 +c 4 ft p 2 +C, ft p 3 +c 6 ft ft 

+c 7 ft +c 8 ft +c 9 ft +q 0 ( 1 ) 

fc/iU p= ip, p, pi Ji-^fflH±^A-C*4o 

fr1" & r m SewSw A M L Tft it og-fr-^ ffl ffi £ b fi 

, ^O-Xry^li, tiL<D&<Oi&< K&&%\fz%Um (p.) i^fi^lCio 
H-*itt*4 0 -etUi, ( P «) ^M^^Hoit, p.£3-x.4fc 

Np = DiP s +D 2 (2) 

tziiL 



(53) 
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2c, 


C 4 


C 5 




c, ' 


Di = 








, D 2 = 


c 8 




c 3 


c„ 


2c 3 







V. = UiCos a + Ui sin a , o^a^2^ (3) 
v. ■ (NpXDi v. ) (4) 




(5) 



= n p /ii n p ii (DXiKtmtzztw-czzo &0>£>b\mnv>ft3i'ft&t 



KJ: 19, ®^<D7^7^~7K£v>T^D£#<Myv^y' h£fifjj7 -f y 
r ^ > ^1-£>§r iUr££ C G P A 0^i>tz*t2>Z.tfrnmt%2> 0 

Tf^m * & ffl ffi T 7° n - ik\m L , ^ if 4 Ay - * - jjfc/MfcS: 
(four-parameter minimization) ^ 0 t$t rJV fc il£ Lfctf-'f > > t^W 

<7)¥ffi^*fc^j (ntuijitfi-cio-c&JJK J: *)) frhK'&^-i-- (IB) 
It, ^i:fir^*t>MliT*l., ?St£L£*W 7 7^1212 0 <D 

t£ & ¥ ffi 7 A y -r 4 y X T )\> 7 ' ) X A £ it o T i ft • © ¥ ffi * § # ^ JV - 7° ft ^ 

>■ h 7 7 JV =f U X A £ li^fc V) , tLt^-t-.t 7v .t ^ h ^" 3 j@^)¥B^ f> 
1Sfi££ft& :d>*Uf, 7>f 77^ >^7^7V XAfiRii, 3f&&^ 
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,1LT, 3 - i- - 7 4 v t 4 y 7 7 - JW±¥1S 3010, 3020, 3 0 3 0 £ 
7-f ^ Vf&tVMb'f, illfiffit^LTn-t-^^It^o 

«£ ^ ^3 0 4 0 . 4 0 5 0 , 3 0 6 0 *¥!S^tf)XI?|Si:ziAtS i t 
»9, i ^3-^-60j£ft^^1-Tl^3 0 7 0 mtS^tlU 19, A— if 
- $ fb K ^rffl 4 If m hft&o i <om& (±#-(7? ^^t^*Myfj:H(i 

M H^T^t-^ i&£kfifc t i ±!2«9$r«fe it C G P 4 0 (7) 7 - )V t L 

— ^-li^-^yj.^ h^^xij- (pfl^-fr) TOfitu isitf 

SS^x^-SrSI'catt^-Ciao FDV 1 O^fK^Wttf, CGP*S^ 

-jK69* 7*v xnv-f co$gH»^ A£ few ( - tL^ fi 7 4 y M"^ § * 
^7 h^^1-^^«m^fiJffl-C^^*^Wc7)7^f -7 ^^S, ^<t> j; 9 £ 

flE^Si!*/^ 7 p ^«(i4-T >f-, 5 -Of-, 8 Jtf 

1 0 ^ 7f-^5M<7)^^o^^-^x-eM^$ti-T^^^^*nti ^v^ 0 ^ti^ 
-^^-7coSg&^£fEKL£-Egl«oTv^ 0 R«7^f 

vr-itzKh^mvmmzmmLTif-^-r^zm&Qm (solution space) 



Kilttit^t^o 7^ £tlf)<7)S#G9ra«69— onus 
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i,So fflix.ff, 7.8^ >-f-(S:#c7)Ritm:s^M 77 ^ -7 Mi±fa<0«j&^ g 

M7^ 7 M:ftf)^7^-^-OTt^it^7^ ? ^-t^lf&it-r* 
^ t a«-e £ £ ) 0 

tir<3-fe?->3 ^-C&'tfcJ:? M^ltt7'<J 7^7^ 

*7yx^ h±ffitf> g&cD&^x^-r > 3 ft* 3 D--txJ^<7>5£)^SU;: 
fiH&;I>^^— > a >3&*iK5T*4o *r\)yyii, n<^W7>f 
SMtf^fcl^'J ^r^ 7'£^x_kftfc±T, 3 D^^<7>f#m£^)££-£&7 0 n^ 

MM, 3£3l (ffiEWIi) * «t 0 s ■ h >M y 7<r> X n ft # < co fl« C A D * ^ 
3 G P 4 0 "CfiJffl-C^&o tz t x_S2\ H 3 1 <0Hfft 3110 M 

^J^ffi3 1 2 0 fWT^^V'o 0 3 2 T\ RI 3 2 2 0 fij^ffi 3 120St 

t J^TO t44,^tf, ^ - * ^ > r - * ^ 7 -f h S ftfc 3 
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x 9 h $ -Cffl&tZ tt%* i y* h ti^Jo JE^'ft® li , 

ilff&otr* /yx y* h wM^B® £ J: o TfiSS? tt&tePWffi t ^ 

HWi^^y f-ffl<7)[*liJc7)^-C^fii1--g, J: 9 KiitflgS tiT n& 0 v> < oj&va* 

K;Wi, ¥ffi^/>°y f-^^#±c7?TI^Jc 1 # 1 wM£^^tv^) 0 flfe$v^ 
JWi J: & ftfijf P iWtSi^o » % Mir £fr 9 o L ri« o T^- - ^ - l±ff£i </) * 

/yx^ h ^Iim>*^%«gflfr£>fit'£LTC G P 4 0ft©$-iyyi^ h 
*IIf4^ * s t? § * o AM * f v x. ? h oftjH fi , L tf L <7)lB £ & 
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- ~> 3 > iftfflti * 5>^t L > h 7>lfM S *l£ ^ o 

t, TSi:*4 (underlying) ^ - ? #4 y y-f^x Kffitz fcM^ift 7 y b 

3 > Mffl ? itio #"n L — -o co 7° 'j ^ t -f y°t 7V _c * h ^#tti±#-^coS 

cloud) 3320 £ Kit & i t #"C § , f|l^@34«f75';'K3410 
WWtfc^HoJ: 7 Sr-ficoM^W^v^ h 3 4 2 0 l^fttiii:^ 
§ £ o [13 4 n^l-^e-r Mk L tz v - > (4* 3r -v >' L £tg<7) * i ? > <D8ft& 
£ JEm K $t L > * r Mt1" * v - > F*I % <T>m m<r> mm V m -CfT 7 ?I £ * t& 

#^ + ^>jK>f > h^TOMH, FDV 1 0^J£££^Jm£i: 
^FDV 1 O^^LTHje^jLT^sn-^jv^^/^x^-ClSMS^So -€"*L 
FDV1 0 <flJte>Jtjfc*** >7>f Ki± (1"^T 

Bfc-eg&SftS LfrL%i) % h, U^FDVl 0W^t^>W^ya > 
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« Ht a &ft<V%l3 t ts. 2> o £ *l (i 3 IS Wfr &m t 3 ffi CO 
v^v^cofdv l o solatia fbx^-r ^ VZ&m-f&cDK, $>&fr 

ffi*J:0 , 9^ viiJSLTta^* i ? > h K 

um<n^**?y#4 y m\ &&wi3i@<^TO^3c£r£>t&3-^-<7>=t ? 

- K £ \f & SIv^ -r A if a - ttlBtJll Ills GO K#5? £ 
««C^f7^li, «-|SC0^-^-b^ htcffl#«^ff ^> x, y, zg& 

hco*V > n t 2 t-c?fM£ft&:M >;£ 5 E£s£-e, *<7>&-*K^ 
> > (KM \) \z^r.r~ ? * v \ £ BUfe-t- £ itt^„ ^Hto^ -7 7°ii, iu<0 
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J: v 4 y £ *M > b -cft&1-4 i t tc j: ig , H/MEcd go x v - mm £ 

#w > roof-n? M*iKi3v>T-3lt1- 

tv>*M > h^^A1-acoi'1lffl1-^#-e(±=&v>(7)T^ &T£iE"«a TAT0L 
tLTl OKKKSSSft*^ &oM^£#r£> &&WiAIftj£*M V Yft 
J^T(7)JfflJ*T^A? *IS 0 

LT2«coirLv>*M > bft£i»A-f& 0 »-W*fL^*K>f y hity^ytn 

fir oco tr a - n& tt * 9 >f > co* ? o*/>-tt*s^ ittts) &#fflf& 

Kf&oTffASftSo 

1-S o fc*? L i <7) k § , ¥ffl^«^«T Lv> #j y hkmmL tz *M y^ZMM 
<HAT0L fc*STKTWM-fc;tt Lt, 5 Fffi03EllKf&- 3 
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A T 0 L =t ^gfcftJKfclStlgSftfc^ J'^t^TC^L-C, 41l<7)irL 
* f K0]i(SjS-C*4**, ^Vy4y<DM&m&<r)li.n>k^^tt&o frbv>7 

ffi f i ± & L ^ © 7' n -t x « m -f h £ t * * -e § & o 

, *sv^i^w^(i^t LT/h?&i7-ttio'Ci/i4o <^>i±, ft/Mh 
7' n -b * ii £¥±>J 2 $ * ift/Mfc-f 4 jft £* £ v >^ £> -? * & 0 - - K ^1" M 
a.— if-**, y - y (?) »K 'J a - A ^if f ^ ; t i: J: H t 
£M« K v -7 f- $ ■£ £ c: £ * pT 16 i-f & o 



^FBn^r-^g >'&&vM3:^ft£^£&v>#> ! feft]ft&v> 0 

& *re>#% L fcttsfet^i ft& x 9 - Mtc t tz % fV *9ym<vM%K 

4t-^<oWf,i*Ui -ft^T^^M£ft£fikil< 7-f 
y Yt&¥mi±mWK9 OK)i£ftT^£^k$nft&t>o IIHl-(±¥tf 
-C&SFWi, ^*^>#>f > h/^7^ ^ hL?t&K 7^ y 

P3 fS :Wf-e & ^ » *> t & a ^ 43 ^ ft 4 v> 0 ®tc L K is it S £ ft t> (7) - 

^ t, u^k Ltzi> <dt%> 'jit, t±v^ 6 ^4 <b ^ * v y L 
4) oTt lift & o 

ffiM^XrA^foW < o^<7)^^2>ia<7)7^-v >"r- ft& 

Eft? ft, 1iT ^T^tbftfcV* < o^fSOTf^r-^-f ^ h 

> 7, \zm LT#7 -V ft& t , * ^ > H*Jt*i(ft*tx y - 

>r-7*M > h*H3IU4Jt*Ltf*P)*v» 0 2 D?)M C&*ffij®33 <fc 3 D ^ 
(surveying closure) ©jSfflWflJ, -jg^n^-V a > £«L 

kmmxjyy^-fr-r&xifc, M$>?zm<DT-?#jy h^M^-t^o ^ 
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i i lE^I- £ M * (i > S m r - * *>f > h £ H tf * s K @#-+J ^ 
hKWZtt&fc^MftM&MB&ft- (displacement constraints) 

>^ (Wfflfe) i:«*t&o &&MB4kmtmij<DmW#'{ > Y (control poin 
ts) £ i D 5 ^ ^ (|5 tf) *K-f > h (tie points) T#£1" SiH^I^ 

o in?) <omm *v y 1- ^ife^s m (±» n mat^. "9 , &$j l 4 v> *m > r 

h^f«^T& § & 0 > h *fgiEl-& £ t d J: 
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^ L t> MB&ft(Dftm$ f=y W ( *°-f > h -e [i & <) 9 ^ > $> £ Wi*F 

tlib 4> o ^^CTf^#^T^ ft-TV* 2> 2: 3 ft* 

§£ 0 L 4) L &n ct <i icfelTE U 6 LT 

Iff L ^ n ^ - v s > * L tz t f & t , m* it % <D «co « £ ||ti £ t 

« pt $ & * 7- v * ? mi ^ n i & ii* zmm k n 1 1 ^ & 0 

2&*#iSt £*hfe<a#£h£#K M £ ft ■ & o 
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So 

^iS:**4ii-Ci4 0 £ <Z)f£Pgf-C$fc* ( i 7 ^ tT > ^ 7° n -fe x tmtz ? ft 

it tuf & & v > mmn * u g l & it *i # a t> 4 v > 0 ^ ti t> <d k it sas 

#co ~ >f — cD £ 7 % ^ RftZT-P-ty Y {9 4t^yV) r*jc9|WH<7>M#j 
n^r— >g yfr^-ttfJ y ?<DMfei)*i£t ti&o ZUhvT- ? -tv Mi, 7- 

- -e«i- * 3 ¥® * ^t-l© *m > h tf&^tzt-f&t, ztibv m y h 

JU^BcoJ: ?4*^xi- hwfcK Sil) ! 3r^7-t7b, ffl^M^Jg-C 

% & 0 #-©7*^ * «fe v h ft Si 9 * v> ^^ffl^fT 

kWTZ&o Wk&T*- 9 MWK, D<t ^mif*#^#< i kifi 

4y Y*m'm-f&tz®ziih(vs<y-?-^~?#jy ztK**), 

frf$m*ffi&:?& - t tmffi k%Zo k V>o SI jg L>fc ? #-f > h « 



(66) 
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^ -fe -7 ££«T £ i t T A & o 7 - tT > ^* 7° n 4r X £ It S »H<7> * -r 



S(75Hffiffl1--S £ fc ^S4 0 i \£ y 5 7 Kiir- 7 *°>f > h t H Cllli 
foT§I 5 icO^tKlt £ &<> i ft <7)Hf Ll> *M > h\tT-?*:v y<D 

>l^G^^ (convex hull) |i$rU"ftii©^ffi«:^U "t^Tcor-^M 
^E37r-y7fi, ^r^^lt^ -yv'Mfc (meshing) fs:K^S 0 j< 

o «ilfgv>i«|# (sliver element) { j, £ fc*Tfi8g^fl¥#r&-e 

^ v ^ l± Hfe^^^iao*M nC3Dfn-^^-ftftffi (3-D Delaunay 
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tri angulation) £M LT#lg £ <, £ (DW&Zfu -tx (±, ^ffMilJjt 
(element quality mesu re) £1£oTffi:£&J^R<7)g|i£|pJ5g U frLV^^ 
f^iALU^ti^W '7->a.-fU1-£o i^7°n^7(i, t^TWSf^f 

I5^rr/fcf ? v° l -CiE^ tz * L X £ fi £ 

Cu-q ( 6 ) 

fro t L <> £ & , q <7>#g|fS3 0 Tr* 2, 0 ^fSst ( 6 ) K 

Pi + Mi =Pz + u 2 ( 7 ) 

Xli, ui- U2= p 2 - pi (8) 

u,^ iO f U2(±|5lCMW7-ti>'^ft , ^^-e**o (7) fi, # 

Tl £ (7?^ n - v a 7 ^ 7 - t° 7 ^ffl N + l±*J * <0 7 h £ ^ j4 £ x. & 

V^o (8) fiq=p2-plt (6) O^T* »K - K&tfO 

x, y, z^T^t7t3^60«m^#^^X.S o T^fM^ (8) ( 
6) OBfcSHLfct ^3|«i:tJt, ^it»Ml&o 



(68) 
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"u 




1 0 


0 


-1 


0 0 




u ly 




0 


0 1 


0 


0 


-1 0 




u u 




0 


0 0 


1 


0 


0 -1 




u 2x 




0 


























u 2l 





tz&K'd, saw yyn<o^ hjuvzi*^ 

V2i= (pi + uO - (pi + ui) (10) 

II V21 II =X (11) 

V2i • V2i= x 2 (12) 

1oUxt (i i) *3«tcF (12) (i/ - ko£&Mi & «t 0*4. tfc t § , &k 

?zmn<»&z%, mm<D$y*v M^Lv>tm< : 

IIP2-P.II 

v 21 .n 21 = x (14) 

Xli [Cft+I4)-CR+Ui)] -n 21 =x (15) 

u 2 . n 21 - Ul . n 21 = x - || p 2 - Pl || (16) 

mm (i6) (DfiUKDMiitfJ y Ym<Dffin<Dmmfrh^^ y ym<»&&<D 

1 6) HM$.-<r>3LB4kftt LX&T<vMty%m-mTc\ttfxS2> : 
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(-"zix - n u y -»zu n i 




=x-\\ p 2 -pj 



OSB##**o #rafflft£$fc#LT£$«ffljK (stiffness) % 

^ (6) ^WIIM^fn^ fo£<, «jfef*^# 

ii i ? ^ * * (i 7 ^ v > v a*T i £ «^f£* 

& P tt«J 19 > K ft IE 1" & e ^ a li^st-e^ x. *t i o 
K u = r (18) 
^fMS: (18) t\ KJivXr A OHflJSff ^11^*13 . IS^OSSfflU&oSF-^ 

ffifttfcWo Lf;* s oT r l$Jfu <d&&-&&^? Y )V~c$>Z 0 (18) fiv> 



^flst (19) t\ K, C, u, r, SS Xlfq (±fl&^^L^*-C*S 0 ul 
li # ^ffi * € o Tfa flu fa Jd af A $ ft & 9 ^ ? y v *5eiH it e> ^ & £ t> h JV 

fM^ (19) ^(iC^^^qHioTId^^tl-SM^If^^M^I-Mu 




(19) 
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7,7-yy'l^\ (10) 5Mffa>*u uisJ;O f UL^#P,^^ 0 

im«^</^«#i«M^^o ccoMftMM-mYu 7 ^ 

Ifl^ (Profile storage scheme) <7)%1fr,y )Vr<~ (symnetric solver) £^ 

£<3^jfc«riii£®VJl//<r- (direct solver) M^MVJV 
,1- (iterative sparse solver) ra*tffiffl1"2> £ t T^ffS^ (1 

WIS* it Z <?> MM K&WZfitk^o 

4> L ^IW^^TV>I,»^t^ 7° 1 ^feftfc&jfc&ftm^at^fc^f 
ft £^7 -try h*4^liaaffci!£1-&fcS>, l/rL^««^f^tt5#LT^T 

-f -h frh £ o 1-^T^mM^ff^5|t§igHf*]-efi^ £ ft 2, £ , 7. t y 7° 9 K 
7 tr 7 7° 9 l± 7 -f 7 7° 7 -Cftft L y - K« u * fi o T Ml ft K J3 1 1 £ , ft 

a LTv>a>ft*o#>f > r ft@ lt^&#*m 7 r 4*n, a 

^f}M±&£W±l*]^<7)*°-f > h^MPS^^jl^tftttftffft £>ftv> 0 
& L*>*M > h^^glcort^Mi^^ft 5>, ^<7)J; 7 ftg^^Yc7!f-o«1- 

£ tf pJ "16 14 <D % £ S £ # v * < o 1- & 0 £ ft P, (7) 5 % <d Fti * M$l L T ft 



7D 
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^f^fel-^c C: <D^Ji t LXtimZ^U^MMftm®. (fim'teelem 

ent shape functions) £«fflLT£*K *ra^lff*f K*5 ^tf»:ffl ^ ft 

> ^ 7*n -k x L fcjg^* ^Wy 3 >m>o * £ *M > h P ( c_loud of 
points) ^ ^ ^ 7 Mt £ ilf^tt^'J 5 r 4 7** 7 v x * h **aH-f 7 h 

ii:7^;]^^ ^ «t TOA^) <fc 9 4 * t* U > ? * ^ V- ->- a>* 

tl^fflV^^TV^vy-^lfyg 7Str (machine vision technique) <t) 

7V£i»::E#tf (partition) tJrtWffi^io KftLfc** 
*yy4-n> K# 2 ^ctc*"^ 7 h K^co^-e^f j $ ft* 0 - fiS^o tf ? 

F?7^i:#< ^^T^iia L T ^ *> o 7. 3r -v 7 7 >f - ;v Kfc (4# 4 4 # 7 - fit & 
&± ^ tf n 7- - v a y Kl&m ? tiT v» & 7^t>7^JPF li tf ? 

oH, Si'ltli*-£>ffllK Mi~y7^ft>^^!/-y 7 -f JV 7 'J 7 7" 

> it Crating)^ ft^fit^a (thresholding) teXUMmt (thinning) ay X 
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o m Kmm s 3 ^jn^ ? > yj , mm ? * o «t $ n^^b 

if $ t«tti7 >r jv 9 - 2) i k K J: *) , SB § & «t ? & SJt^il 

- v 3 > ^ 5 at£ 3 f@ W 7M pt - yt^ £ o *<9iEJM# £ 3 

fit £ ^ A. & o *t ^ >* - v fi H t N CO^-Cfe £ & J; ^ & <7)7^ gtjfis 

§ & ijK itm s *i * fit ii * 9 - & & ^ it ^jt -e it % < « <r> m % & o 

titffthft^o WM&MffiMS^ i ? ^^*co^ ■/ - y tf ^ a > 7 ^ U X a 
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^m^A yyt Ltv-?nii:i:J: *) , 2 it-f yt - -/MfiE? 

0 ifa<D~f y <x<Dtf4 y Yff^Tft^^A y y t — 9 ? %ih 0 z\<da*-v 

MK5 v ^ '/n^^co^^X-r 7 7°li, iUz ^ y y h 7 )V 

»$frTV>£ i&fcSftSo ftfttoHMgliteffl L£l/>o «t.-ffif-&7JV 

'jx Absent lt, ■v>$m*$.~rwk.<nm y y^^-7k^a y 

L, MfcLfzm y hmx\ £ J; XJy 4 v \- Liz* 71?*.? MIMT\ 

W> r ^JV-7lC7>f y M-^i^^^^S1--S 0 £ft£ ) e>7 7 , n-^JBWe> 
, mmnm (progress! be commitment) oJ$fcfciEL;fc:££>bSfctefflTS 

1 -e £Ji#: 7 ^ 7 h 3 at, 7° n -b 7, (±#£fiO 7 ^ v h £ to z> x 9 - v ^ 
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<^fr<7>mwy-)i<*nmtz>z-tti^zz> 0 isia (contour) 

2 D [tfWHt; (section cutting), igH"j£faA (dimensioning) J: £ # />i 

* h frZ> *T JVf± § f, ± CfKff-^ff 7 titb<D&§k<D C A D 7° 

o M^W^ti, CGP 4 0 7) J ^<o^^)TlTM^CAD7'n^9Ai:i:» 

Cyraxy 7 h7^7<7>M 
tf a ^ J* 7 -f '^V^/g> 



•=6 : y.?--)\«0 J frffl 
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t, API (77"^-y3>r/^7x-^) tit 

-7 -f 7 k * f?a 

-7~a-, y-/W*~, (scene viewer) 

-A ^ y \ iRit 

7 7° 7 4 £ §511" * r-ffjvea-€ya- JVj (model vi ewi ng modul e) ^ ^ff 
KMS£1-&o £<7) r^--f--^ >^7 j.-.Uy.i-*J {±, y-y?*77 (sc 
ene graphs) <n%^ mi (picking) £ J: tf^Sfcfr b%^ 0 £<D$lt&fi 
f^k^-^y^-JVj ftH^Sft&o 
£ (7) * v a - Jl/ li f iz , ["^T RRtfcSt v 7 7 (Fi ni te State Machi ne) j ^ -7 ^ - 

K is v> T 7 7 r A <r> v > -f ti gdM 36*0. - - f 0 ffl wr m T*> & j8> £ &5e1" £ ft 

*7y77 fy->^7^ K/>*? 7 *3 J: tfATfliHf ^^KlW^I-fcl-^T 
7)Sf^^LTV^ 0 i5^t7)S*Ml^y^y^- (Inventor, 

7 ^ 7 ? - id mf'W * m it L T v ^ 0 

SMf-^^-^ (spatial database) ^^oT,tiI^^ 777 7 r ^mM? 
£ (tfr7^7^) ffitEt&fffafcfc, 7— 7]*)<?>^7'7^7 h <7) t: y ^7 7(i 

ft* H^ff1"S ^JfiiM-ca i^ya- ^60 t: y * 7 £fir EU-Do 
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-M^W^-^v^^ Wffi^lft* ^y'i^ h 7 — F (visual object nod 

-v - > v > r i) y y 
&MS&Ht^, *moTit^^- (Mil) £^-x_& 0 ^>^>^-k*^-7i:J: 
MLf:t7*yx^ h £ fcH" £ * ^ 5 K&JB^I"* fc* y^<D7 -f - 

# Efctfc n 7-/-^ v a. - ^ 

WfcM v - > CFi nite State Machi ne^ FSM) j ty a - ,v |i , "^1 <a 



-otzk ZimWK TOSS J fc&iSTfcifco 

- * ^ 1 % , -e ti . n »[* ^ * a k & m *> h f jEm k # s -r a # s # * s & h 
«t- ^ ^ -c ■& £ o y a ~ /u (±, ffiiw ? 7 < r > h u ? 7 

-y y 5/a«S?-f *4 W** 9 ^<~7KM IT J 

77 ^r^- }• ifi$bZ> ii<Dt ikm lt), ib&t^v-^uyx-imzti&^y'v 

ft! 

^f&fc^V-^g >«r^1"£fc*^Mft9Mfilit (spatial hierarchy) 

* & tz * & £ t § & -&mm it Mffii- ^ ^ § ^ o sit m mmm&te i 

t^lM (instancing) Mfcffllrt^ ^*4 0 
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-r-?^-Z>frb<7)M®m$)*TVx.? his J: CM jt--7^flJtftiLo 

r - ^ ^ ^ v ^ ; w i , v;*rA(9(afc^fc-<7)$fr£^iiai£3ftSo 

^^ ; Eyi-*H>^7x^Xtti, 0 
Xtl/titf) (I/O) ^vxt-^ 

i / o * v 3. - , mm r - 9 ^ - * 9 > * >r a \%% & *> $mm^M 

f-^^-^*Vi4H40t- K^-r-f -SCAD7*-V7 h ($)x_JfDX 
- r ■ ■ -fr^A > b OR *j &*)J 

I/O-ey^-JKt f - ^ ^-x -e y i - J; t^li^W t 7*y x ? 
M^lft * 7'y xn^y^-^ 



l«^^7yx^ h^ya-JHi, y^f ACJ: otf f 
i^tt^'J^"-^ (primitives^ S^WSI) *^1"So £ <7>^ y ^ - 

, 7"^fO't7yx^ '^i^S-oW^-7"t7*yi? h^ffltt 
& 0 -oo^'J^t^*, Mttt^^7yx^ r (/^t"^fxM-, 
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SftftW3V7h5^^ (constructor) ^^^y^/yxncWSftfc 

y n y x V ? ? & <on ffl L *ff 9 o iW±, fflf<D7VZT4 ft fV 

m. S 1" & ft fc *H ~ fr L v > y - >v £ jg 1- 2. £ fc H J: o T J£ gg ft £ ^ * c - > 1" & ^ 

-7r-t7 h (facet) N ^4 y y (point) ^ x y v (edge)^ ? ,f y (line)^ £ £ 
Vz/Vyy- (cylinder) fl$jft# 0 

"HffijE^ -7 9 X (bounding box) co J: ^ & * 7*v ^ ? r 
(geometry) c v> xco ? x ij - (query^ ^) ( 
ty a - )V (Dependency Modul e) 



v^ 0 ^^rmm^m^v 7&&h&fr<D3kmKm~rz>tfim*%m~rz> 

7>F^yi-JV (Undo Module^ ^ ^> 3 y <?)|±f Pit ^ y ^ 

■fht^yy F£^-x.& 0 
7 > F ■> * V a. - )V irA<DM% £^ X. * : 

fx J y^Mtiifco 
7> F^¥f£&#7~^ s 7> K**vi-;v^<&®£Jfc#flJL£*ttL&tt 



rvK-s-t^a^^ii, f - ^ ^ - x * y a - jv t gicM'it & I, ^cor- 

IV -JW^-y-V't V a. — %> 

^^Sfg^^tJo ^(?)7-^ya-JHi, ->^fAi:«S:ifc€ 



£ ^ftfB^ 9 - £±^«S L * It ft ■ * £ fc^o (|~^ 7 - * v a - JVjmM * 

r7-;V^^-7>~J €ya-JW±, [j--f-^>3'7i-X*ya-JV 
tya-;Vj t <>ll#K)W-S1"2>o r7-JK7 f€ya-)l/J \i[y-)U*?* 

- v -r - j a -r & * i?<7> 7 - jv * nffit & 0 isfltsg ^ ^ - v * v - ;v 



7-;i^ y 

- 7 ^ - X «KM(F SM€y7-^ihL T^ffi 5 tLS ), ^)V7yXf A 
t7yx^ h^va-JK^BfmL, M^lft«<7>£)£. &m&£V ! M%*'&k 
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) zmmt&o 

^r-K|*]-vcO±?l (assertions) o^IK ±|2±M^gS 3 t 5 
^--i^^^^nrf^tc-r^o iOTyi- JK^n-r'-f >V^yV4 A 
(coding paradign) tb^^ftjflf ig#*jiijn1-S^^ s *a Lft 

-j^y-;\y y y - 

X y - V a - ; V f ± V * T A <7) £ «t v a. - )V fc ft sS L £ 1 1 ft ■ t> 4" V » CO "C\ 

•7u77-?-KttLX-V£2>fz if « K % h % v^'PU^m ffl T ZXiK 

v-^rjvt, «^;oS:**^l-^^^$R (ttx.»f, r*^l-ftf±v^ ? j 

- > ft Wilt IK U > * 1" & £ t K X i) , XMitSte* mi-f & o 

-^\jv7"-^- vco^t ^trr~-> a > 
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)V v a - tt „ - -f > 9 7 ^ - * * y a. - JVJ £ Wfcfg t 

f-^ftl*yi-iK^ Wte7-;VK (physical world) frt><DT-9Hl 
ya-JPCltJtyy'int^o T^^ft^y^^Wi, £ft®ft^~ 

I^Sel" & £ ft<^ iJVili^^-K^iTi: x - * Eft * * ^ fcfffc-fr* * 
-# * 7 * <£ l/* * ^ ^ - t coM 

-Sif/Mx^?)^^t^ t&Kr-9%&ft-f&tctb<D2--*f-j 

> 9 - 7 x. - 7 o 

-r - * ^ - 7> K r - 5' £ lilt * ft w y x r A «l£ Of ffi L 

fi^y^-JHi, -o <r> r * ^ - 7 £ L &&-t h 7° n J* * 

M *#j£1-*> ffi, * «t o ^SUfi^M^te x - 9 ^ - * 

iWf^va^fl'IJ, rf-^^-X^Eya-^J * J: ?>T^- - *f - -f V 9 
F^t-^ya-^ 
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fttf- * M (Abstract data types) ^ y a - ;V !± 7 7° 'J y- - v 3 > #f CO 
f-^I^f)^lT^o iffl<?)itf-?I (general purpose abstract dat 
a types) fc&fcfc & <£>£^1-£ 0 

? v 5 

=l- (Queues) 
• ij y 9 £ «£ c^rM r/^Lf^O^nh 
-;\. r / a | (Hash table) 
-£-7° (Heap) 

K9 7 h 

CGP« (£) cr>« 
hxi^pi y Y<r>ttl3 

1 . y (cloud of points) t LTffij^ft* ; * 

2. a*, fnf^ aa^w £«ot, 



3. ^iU^>H:|i-o^±©^ (representation) tf&to'&& 0 ff, 
6v^^^^jv^ffiB&^*^vM±M^Lfc|gfr^Kj7°n^^Cp r o x i e s) 

ff ^ > # 'J ^ ^ ^ ( SV" 1301 i c representati on) ^@^f E# * ffl ^ 

* xK^^t— 7X— # * — # W ^—7 ;v n - ;u 0 

i (?) tB*R f±, 7*- * ^ - X & tf a. - 7 - <0 ft m- &b * Tffifc 19 7* v 
mm-iX (near-coincidences) tf^fflai-Ci LitfcV^ Z<V£l% 
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1. r 0S J W^T^£t, *^rA|i^^ff •rtif^K* 
0 % co - o co .t 7° > a > ii [ti/^5y Cthi ck-brush) j /^^it, * co « 

2. -^liJj o s i^;vt% $'>^fA liv* < o^co^ > F7 SrrawtS < r t 

f S#|£ ( data management facilities) * i: i fc, £ ft $> O&fr 9 

^ /W £ft i t T 7 - * >f 7^1" £ tz Sb <D 7 7 4 Mfc^S * ^ X. & o 

F^ty-fe'^ ^S^WI^^L, ^&ftK«fc£frt!l (manual segme 

ntation) £Tg-$Kt£ 0 ***>LfcJK>f > M-;* ?->i£ST(i**> (fit) 
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7 -f y b & 0 **-f y h (survey points^ ) £=£^1-£ £ t 

; ztihvtfj y MW£?>r < itA^u ; £ftBMfc*sv> 

Jipt y^aOgfSBMK:, tfLBfH (break-line) ^KSnct^THo 
^Mi^WIE-^*ffl^7tM^fl«j7'n^>' (symbolic geometrical proxy) 

&^ ^ ^ - 7°-fh1- £ £ t § £ o 

: 

. ea-Jtrt^^CP&irwise view alignment^ z.tl\X^ TSSJ 

ft 

• x-^#^ 0 ttiliffifciHjxw > h<7)-fS:|i/-?y ^ - ^ <d ji £ 

(zippering) it^itjff^-f'^^ & 0 

• ^ n^/^VRflC^ (global closure) <7)=£sg 0 £ ftHiTK^g Lfc^fr 
^SSCKWi?- (closure error) f ftvM::fr:fif 3« £ fc «fc «9 
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mm 

JI£^3&/¥ + fcJttftfc^^££jaS-*-" /^NA ( "crystal-ball/ 
model -in-hand" paradigm) frjfc-oX^ tfzii "ififr" C "walk-through" 

£<T& ( 1 0 0 7J«±?)#«'<?&) ttffi^Sfc&S-CilffTgs* t^l^-r 

95^*4^1®^^ ftfc&iSffi (flat-shaded facets) — ^_ n -K-^ 

if—|^ftj# ?M 7 v'^. CGouraud-smooth-shaded-meshes) 0 

o ififb^^KJ*, S** J: 19 Sft$fiti^o36(l*fl<j4 4)^)^1- 2,^46, ffi^coa 

(moment frame grids) r £ t*x*& £ M&ftfc ifc, * ft «9 ^ 14 Pi- 
ISOJ 0lST*4*H*L4^U MI D^o-b^m-e^^nTt^tt^iSv^ 

12. v^-c^-t^JV^^M^^M^ffiail-^^t^-ei^o 5J«fffi££&1- 

13. &&#jE<^ft («0x.(f^^JW^ 'J ??tSii:) -CiitM^l^ y Y *W 
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14. CYRAX C G PrtT^fifcSijtfcf'^^li, T- crx J 7r^JVfcLT7^ 

i&<T) ^ f - ^ y 7 f A i: f tc J; fa* r ^ ^ n - »v#JE £ 
AutoCAD^MicroStation^j; ^ & j; < ftp h frt$m<n?- 9 ^- -X 

& 0 ^«cyrax c g PKt-ox&^m^mmmm^mBL 

Hi^SIo fc^^lp^f* f - * * ii c*^ t>*k. & i t (i If H 

CYRAX^f-UTl^LTV^o Ls^L** 1 ^* 14, 0Sv^^||^ 
17-a* (i> Mi croStati 01133 J; ^AutoCAD-e^^ ? tLTV> ££f s£<7)«:£ (^S«J 



19 v^o^T^'Jt-yaXDlim ^fiffSj^Mfi; (behavioral 
heuristics) ^j^S fc£><7) |> '/v MHil^tC "Object Association 

■f - V ? ? L * »t ft If 4 t> 4 'J ? * Kc, * * n fift So * r 'J > y*^ 

tS o a^«LTi^©U, xv- y^^ a ^r)V(r)%7fsK^v^m& (sy 
mbolic levels) £ ^ £ t t±. V/^^tc: Ut:^?|l^ffi$R^-g-^/*t*I^»t>1 i 9f-^ 
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scatter olot /jf-1si n'v-tV 
















r wireframe n/-r- *• 
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^ basic foouraudl shadmq/hidden Una 
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ohorto sfiadino JUU'^-rl p-l-S^ 




■J 












; raav tracer or radiositv enoina iw m.'+- 














i? 


' Geometric Data Views 5H;r?i$ cv*i 
















r Dimensions Toaole ^& I-"?"/!/ 
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^— Genera! info window of ots. extent. „.] 
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r~ Selected coint/ofaiect noouo Info ftc.v. z. ...1 
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Projected distance between objects -A 
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v~ Obiect Hierarchy rnao sinole obiect 
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V Sns!&m]%%i, Intensity PseurJoeaiorlnaIKr;*^j 
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6 ft 
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p' ^JVa-J-t^T 7Kv>»*y3i(-advaneed obiect 


















& ^ Walkthrouah cullina Generic deDtti 
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. Tntf*7'i,,Tfi|iij* -jWSection via custom die. Diane 
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j> % *> ft Contour Lines 
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n'pheratly based upon; 

S Jul SS 'Voeller Soec" by JSO 

1 Aug S5 ■surfsce.W by MB et al. 
■ 30 Oct SS 'Database Issues" by MB et ai. 

17 Nov 95 -CGP Paradigms' by MB et al. 

23 Jan SS "Cyrax Database Issues' by CS 

Jan 96 "Fiuef and 'Chevron* proposals 

fete Jan S6 system functionality discussion of BK. CS. ACA 
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^-Platforms SGI IRIX suddT;: W 






1 — f 






Windows NT SL^Jon T1n\*- K hi 














Windows 96/7 suDcort rt*,--V- 1 












? 


Mae Cooiand OS suucort A - - ^ i , 
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Obiect daiabase enaine ■i^*A'\VV*^ (\"*X V/Vy 
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Windowiric enaine tjiyY-'fy- i>y*"S 














Multitaskina (OS leveDtit/f- VZ1^> CfS UA-r^hl 














OLE 2 for CAD suDDOrt G40ft.f.'-t-*fi>M fftt 2 
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1 f 
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_,.,.„> ... 






Function key shortcuts 7>r>1 2.- 
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Selection modes -^JX^-f-" r>hi„') iv£ t ^ 
















x^rX mouse (select nearest to ciickyi'- Hit ) 
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hi 














T'iV brush (select nearest to sweirt\- • %w 
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i<; ) 




5i,.< V lasso fselect within (res-form bounds! (Wj 
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■v 
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Proposed Software Features 



Cyrax Software Specification 



| let jlB|la 1 1 1 A | IIB | 111 A [ 1113 jFutJOpi 



Target Acquisition g jg K ^ 



corrected video tfra-^ 



j> "-fe*- - Target Selection (sea Basic Imerlace/Salectiani 
T£ Selection Parameters '^fiC;^^^-? 



sarnaies in x and y 



adaptive scanning 



Data Acquisition 



edoe aligned scans 



intensity data 



core-sighted video color/te 



Positioning Functisnaitv ffS M^'K: 



t <J Reflector Target ft fri ij fr£ 
f*ts. Scanning simulator with error model 




\4 STL (.M^ '»H Wi « V?4-) 
C/DP5 £• (?>zr > -i-\?&rrvt»fy 

CfLx V 1$ * ~ 



C y r a J U i?-#<D7j - )V Ffy^JVH'v a > (FDV) a^nii 



(96) ft* 2000-509 150 

ffi-f&o ^<DFBVltm&)K\a}iih F D V** 3 ^7C* ;* 7<D J: ? H v<7) 
-f^-y* (J^7\ V>vM ^-y"tv>9) ^4fiic1-&o ^> y-f -y(i, -f ^ 

(Computer Graphi cs Perception C G P ) y7h")in7Hi, U > vM > 
& 0 £ ti t> <r>^T)l ii FDV/4 5 !✓ > y ^ pt - y^^t^HCiSI (surveyors 

C G P <7>M (i V V * - y tf> P> aiH L T Mtt § ft ft * r )V Ci- 

i?i > hifg/j K^a> >"f 3 y^rJV (intelligent fadhty documentation 
models) |;MU«k*f;v^l 0Mt«i:tit^H s T^„ 

> -r ? 7 \ MMtfr h & SffiiM^) § ll4E|tf)V (automatical 
ly generated shri nk wrap model s) £ , ^g^^^x £ ^ ^ 7 ^ 

7 V- A 7-y* 

CGPIt — oof'-*^-***^ LTfll^StiS (HI) o 7*'-^- 



(97) ft* 2000-509 150 

SJiVr^ r-f -(entities, A^n^f.IijMMfBUx^f 

'f f ^ - tzmm&r&yvv? imm, $ss.v®tm* y-r±y7^mmxo 

Srftffi x - ? £frfr v - * d> f>#fc <i> o ?^~^fl©f - ^ 

t LTC GP«i:fffit£o r-^^-^rttil&M^tiTv^^r-^fi 
, — jKtt&T*- 9 x'J - (database queries^ r - ^ ^- 7 ^^f a ^^- 

) k isv^T, * tz \mm r y" 'J ^ — > 3 > i-' #<k Ltzv? Yv^-T t<Dm& r. is 
am is Ji (7) +r y -> r a <n r*f a t - <r> * - a ^ - ->* ^ *m > * - & a 
ti * ffiffl 1- & >t ft k a w 9 x -j - $ tz itnu^ y r-vKmt>%ftii tf & e> * 



(98) 



f#gft 2000-509 150 




Fi=- 2 - Mesh/Mssh Mutual Cut 



yacquisition) kWfaZfLZW. t*Ui, HI 1 H^1"7*- * ^- X ^fllj^ijitt 
D V 7, ^ ^ - 1" & ^ # m ft 1" c^f^ 1" £ 0 £ *L <7? M 



[7°y^7*7# (Prefab Lab) j j j V>yf-^J3 J;(/i 

w> y-fb 3 tut y -eiUfel- ai^Uo 1*1^^7©^ jv 

(instantiations) £ LT^-x: hfr&o a ? •/(Structure Shop) j [i 

wo.-? 'J ^ K^-^v^v 3 y t £^-x_& 0 V y vt-^y-y a y imm 

hS (Object Types)j Kmt&WXWMK^^ X h K , Hoc?? 
7-)V^7>Pltcft£ltt (interoperability) £ 4 £ T * *> £ , 



(Inquiry)^ j y^-~ -> g >j y^rAli, ^r-9^-7, 

Kttt&^HM7V y h^y FtioT, :ma^t^f-af-M-^ 

j& $ ti * t -)v h I m 7 y y r a £ v> a v» * & t t t £ t> II 

41tl>i^ s fHo ^>T^>Xft®, t^f^i £ «fc ^#(7) y 7 7 
, ^ - -if- IHfiico-r-^^r^^ (query), ifcVjftU MMI"* £ i ^"Tr § 

So 



r~7^-7fr h AutoCADs, % £ #fp!H L & It ft « & P, & V>#<7) C A D 

@ 1 C/^ ^ y ^ f A ^ i 7 - JV ? Hi. ^-^'-<7?MffiM£^ 
^;$-^3t-k>Fy^fA (coherent system^ ^fl^^^y^f A 

-ry v-ttj y ?M^ttmL, m^z> ^z<o* -a.-*-?**?? yt%>$\ 



< coM SrlEiil- * ^> - &#5e<0 J--^fW > 7 - 7 ^ - 7<Dnx$> 



(101) ft* 2000-509 150 

fiMl" & 7 s - * a £il L TlSi^-r Z> o Mt<0 y^rA <aHi£f£ ffl £g x. S 
v xfA ooSJt £ TOft U *Jft x r A <9 + L tt *i tf * t> & 

* r - * £ «t tf> y $ (range data) ^>W7j & £ £ § > « 

S*J:(/»F«iJ»tC|ll1-4ff*8S:FDVK^-x.*3efft3&***o FDVIt tr-f^K 
<«4^-7-'t--Y (targetting v §Jg ^^ffi^^ffll" 

tf 7** * ^ 7°^ - 7 - Jl> # * > £ff 1" itiaoTFDV tf v 9 * * ^ 



y (bore sighted image^ yt^ fb tlx. & — 7) S:FDVi:iffi3*^?€ 

- tr a - & i t * or f & k?- & 7 - & 0 

tf x -t 2 - V /y^fli, i — 9* - j&« tf W * ~ v OD ^ A * JV 



(thumbnails) £^ tl^itCJ: 7*- $"*-*rt<Z>— csO'f pt - 
&) £ tf t 3 W p< - v » f> Sit 5& S T § S o 

x * - > ? 

tf ft -< - ->* StX-Af*it I' a^fc £ T) 36 s 9-77-4 y 

^MMl^ (axis aligned) Lfc^^^J^* K5 ?^tJ£ tti -o?) 



(103) ft* 2000-509 150 

(range scan) 

> v * * -v > ft y V v K t°4 V \ (i , 3 $zjtT # )V h ffifl ^ t , ^ 
X *? , V- > * -v > £ (iff is <fc ffMC J: o TjfllJ^olt ft .fc* *■ ^ > > h 

V- > y^^-^liltif-^-X (worki ng database) g ®j ft £ }fyV 3 tl 
V- > ->'-£* ?"•<!- -f J - v'^fHI&'O'tt 

XT* 4 J -i/Kffl&-3\lhiii> 0 f7iJH'Cl V>^^*^^**jftt>*L4 

&\ffni) T-?s<-xPiKfaMzti, xt*4 vyi/x^^y t<DM 

FDVi:ioT#f)tif:.X^t> *M > h 14, {i f;<0 7 * r 4 

*L£><7)*M > Mi, >5S fff^f-e, ^JSL^ftjftro^-^l^-v'a >T^U 



(104) ft* 2000-509 150 

x* -y y <d* -v y-t )v 

o £ W t -edit £> tire^£ 4 v y v ^ * ^ > fi -r - ? ^- x njf A 2 ft s 

Tffi^ W v v y y 7 O/sual Magi y M ) J 2-~*f~\z. ft/h RR 

^ya >-eft§1-^^^(±, fi*;^.t^v j-.^ f^^f'J >^£fr? -H s f 

h*Wbx-mt%mt*ffl&'ti>z-kxibZ><> pjitc^j l":/w^ 

LT^tT^< ffl#£ft£fl^$;£&*^U— V3 y^miX^^L X 3 
V > VX * * > * 9 'J 5» F^r/^ 

£fft 1" £ <fe o 1 1> ffift * & o ^ > v x * y i>m $> ft fc t £ K J- - 

LT||t>*ti>s'^i(i, iHlX^^>(7)S»^V y Fft#& (rectangular 
gridding) d^TSftft^tiT^So ? Kj» ? li, F/yX^^> 
tf^E^K^Sftfr^ofc^'J -7 K^t ^->o.tEHISi*L£ 0 -oco^U F 



(105) ft* 2000-509 150 

(Gourand shaded) H»t#«^M4iti s ti, Rg*lfc}«£ 

t l TH & i t a*-? g £ (r* r 4 7, ~f V 4 J cos £ #M) 0 

fctio Tffi^kT s e: t § &o a.— - fi ? >; y Mb Lfc ;* ? v ^ 



i^ffi.TO 3 *Lfc ^ 'J 7 K jt 7 v J: 19 fi? o 

#^>l^!/>yfS (range depth) > h fc ^^-CWftl" 

& i t K <t *J , 9 U y FjX 7 -> v» 14^ U y K jt 7 -> a F*]?)V> < o^tf) 

fef!* K Pixel" 4it § & o 

7 v^g^CMesh Alignment)] >y-;i, (fcfcx_tf |"7 U > FlUfe, 

L£.^o<7)pt yya (^'J y Mb Lfc & t ^ U y MtLT^v^^J:^) £ 
«t 9 IE^Kg3fiJ$ y&fcLtz-m®<r> * 7ya|i7>*-i y -> 

7 -> ^ 14, »r y y v jx (7) ^ n -/^« v h >J * * MM LfcH T\ r - 



(106) ft* 2000-509 150 

KBW ZH&o Ji1B\ £ <DX t- y ylt[J y -> a. V y A <J > ¥ (mesh Z 
ippering^ ^ yyal^fcf )j^f '^Cft/iotff ^ rfliJi 
->gy7\|i£fi I'T'W^^J £^TSUH<7), >t/iLMT£. M^t, 



W pt v a (i, L 7" 'J y K ^ y v a -eiijft? 0 

Bf1"*- t^T^4 0 WJb'CM y -> ati^'J 7 K> y yatypf'J y Kj* y i/ 
aT'Ul'o II? L fj-co^ 7 y a f^i ? tU ^ -7 y a (Mlr^yva) 

^l^-y3y|:J:i)iftL^^ 0 :o^>^ y va^fi^ff- ti, ^<?>5c£Jl^ 

«^jsct»im 7 ^o.^jsin*v > h*m?*tSo ana km 7 y^ 

at S ^ S 'J '7 F.^ 7 y a [; J: ft? ti4 0 



(107) ft* 2000-509 150 

**pt ys/a-fbLfcv; ^^^cow^taia^^T^^ 1 ; 02) 1:10 




(108) ft* 2000-509 150 

* t § CO * 7 - JV tt . ^ - > ft CO V* 6 V ^ (7) / * - '7 (7) fMjt ft £ If W L o 

^ 9 >'a?)/^7*^l'^rt7'v'i^h (TIE co r7>^7~ yt'j T# 

#^'J y F> y v^co^ y^i^-fbti, ItJt$t£*0ffl1- &M£^77T\ 
tb ft a v> < o a^ffitE * -e* a ? o 

7°W>7* 9** 

W> 7:7 ^(Prefab Lab p l)J -7 - JUr y h U^tbm £ 2 tlX^&^r 7 
&&V>Mc0 7-;i/*7 h£r£oT«2ft£A-7^||l|1-& 

*^i^>fc^nh^>f7 p 7;v~7;t7Vx^h£J;0 ? ^jv-7 o 7 p n 

^ 7"cof|^ i £ J±Jji-c7).x > -r 4-7 J k LTKtJ fffeco it )l-7°* ~f v x ? V 
■C* & 0 - *l|iffcSr±, t A, t^MI 7n ^ v A K fctf & t 7*^ x ? y (D y 

-> 3>li, ^(0^';V-7c0^c0l-^Tc0^7vx^ M-^frSfrfco 



(109) ft* 2000-509 150 

tJfctio RlJt&'J v v -y 9 J 7 - n> * 7 V £tt o T , |j£ fi W T-7>ftW £ «t ^7 

ftili 1 *<7)llc7)^T Jl^MU ^60^ tf- 7- JVi3 X 0^-7 hy-IWfc'ffio 



^-7^/^-7^^ 

it* -tv yit±m(Dxtst -7-^^-9 y mmm&*i>^m^&z> 

o ^ ^ - 7°^ L * 7*v i 7 h 7" U 5 r -f 7\ A - 7 ^ coffin 7 * - 



^ - 71b L 7v' x * h t?fi»1- & iH 5 t^o r^'JV- t/ftJftHfc J 7 - ^ ii 
^-J* b 7-JW±3 y 7rft«i>T rr^r^f^ 7*r- 



T7iJ-^> F»J 
r 7 'J - /> y F^fjjJ 7 - JU £ ft o "Ofr Sift I' ^ > -r -f -r 4 £ & - t 

\y U -^y FHfcJ 



(Ill) ft* 2000-509 150 

<T WBfife 2 ft * «t -) K , 51il oTtg * -* 7* v 7 h £ £ Z> 77 * ffl 
«£ft£^ 0 -IfrlLf^yy^ hSrfif#LT*<fcfej;, ^^Ji |~7' 

;p-7fkj 7 

[yv-^yr^'r-^y^j 

[7V -^y K^^-i; >2M 7-*H^T, xvr^f^f»a^ 
(scaling, fgKi^) tiit^ii, MLfcxy-j-fr^i 

H 5 t^ 0 i^f^f -f &* 7v y* h -e* £ OTtSS 7 -f 7 F 7 £^ 
LTXt- 'J 7 ^Jfcfc&tt 7" - 'J ^ y\ -fife X Tffa X 7- - ij 7 ^ £ «£ 



(112) ft* 2000-509 150 

r*$— 'J >^LT#*J 

r X >r - 'J> ^ L T#iP (Seal e to Attach)] >y - ;wi , 5 ^ 2 *l # * CAtta 

chment) £ff ? * i£$f *#«)TT* h * X *r - } ) v 7~tZ> £ £ & § 

r 7° n h ? >f -f^O % '/y ^ ? h J 

7'V j. * h ft V> L 7° 'J 3 -f -f 7* J± x - * ^ - 7. £> & *) £ H TDt J'- M $ tl- 
r7n > ? 7 7' 7 7-9VA- 7<?)*#WhJ 

^ 7V- * ^- * Kfttfi $ o 

[A-7^i7yi^M:J 7-;Wi, ;^7*t^x?ht:^U 7°n 

7£«U ^^7^i-f^II^I^t^ rac^nhj'^^t, 



r# « (polymorphi sm) j t ^ &£M^3l»M£T&-o<7)7-,v£ 
->yx<7>^# (union) fcfcfctfcKJtK H^iM y gE&l" *> £ <L 



& 0 Lfc#oT\ #*yyx^ f^i^ •r/ai:#«t^Ht^y^ 

7'W>7*7°'J ? T'f 7* 

^yX-Mli, LT^U gsg|3-g\ ^7-'J>^£U g>7<U 

y: y Sit £ & -»<7>M^ltt7° 'J?r^mUo - *L £> <7) 

7''H7oi±, mjcffyt^mm, Pimm, ra 

2> 0 7 ,| J?f^[:i^^l/-y3>lilo/:<ffltL^^T\ v 



(114) ft* 2000-509 150 

Sf-^-^-^i^^fflttJ £ t Hfl64P.4V» 0 7;7° W ^JV-f-^ t 
-y v-o-^^-f-^ii. Mltt£gT51Sc (complexity argument) tLTO 

%f * * r A - - flt^o -C 4> ffi 5£T £ £ t ^"C ^ £ o 
&ifoof|flCD7 , W>7V 1 J 5f-f 7^;P-7°i: LT*f 3HM £> I fcT-A (Ibeam 

rtj * - $ — it Ltz 7°tf b * J 7° 

tv^#x.^l±, -»A7^ -9ftLfcyu h^-f^IttStV^fi 
* - -X K faji £ £ t j^s-c § 4 h >) ti\ Lfc L 7°n h 9 -i 7° £fe&T & <7) £ 

3 '7 7° J 



(115) ft* 2000-509 150 

R S 35_JLi: r s 35_2h^^^> ), *r Lv»#3 ^ * > h * * -r > 

(multi-contoured boundary) te, x^ffcH&fc^e, 



iiT&r t KJ: ^oflM (convex hull) £gt^i~& ^ H: i '1 , 

x * h o £ ©tf'f > > Ojffili, UW^^t'/i (±y: y y a 



(116) ft* 2000-509 150 

r^iBiD/Mi&llJ 
:«7-)^foTW77i?H:^ (holes) £ <fc tffeMffifmM ( conto 
urs ) fcjjnx.* v^-f^^'b^-^^^Ji, SiTO^/x^ 

^fi^v^ M; i oT#££ft&¥Ml*]«& J: ? ti&<> ifc, a 

SOT; ^ fcT > (snapping p1ane % YH L v» *M > h 0)#i£<7) *M > h %%Cm 

, ^ Lfc-0<a¥B<E>#* CM LT±y£ L/c^T^ ^ -7 k: > 



(117) ft* 2000-509 150 

% <o mm mm t ^ n&s^ * ©¥b ft k * * a&^i-^t « m l £ # # ^ 
m.MA/fiiii^j 

TI * ftzeyy- ^ttfX L , fill fetilt § & 0 (iff A ^ h 
r/ ? I" Z> Z. t K J: »'j ff a $ ti h „ JH & i i -£ <^ H 6; ^n^tCioT 

■x-^ti, rot?)fI^yyi^ h£ r¥ffi#M Mer 9 e Plane)] 

* y -7 i n L /; *M > f ^ftCf U < M (fit) tSWfiJ 0 



(118) ft* 2000-509 150 

K ^TtliM^t^^^, gfi*$J*M>h (free standing point) £j£ 
41" So Sfi^-Ob (free point) ^ l±. ftt^BC^Ktt , #K£ 
gl-STl^-C^Sc gfi*M>Mi, ^IS^iiU^f-^^^i^ h (n° 
nsurface data object) V) , Lfc T > •>' ^> jx £ S 1 t & * V > 

o fifi^fM-f y Mi, FDV*ffioTS*W4 (SttfcS?^ ) Hj- 



>f> (free standing line) ££$-r& 0 £ co g S 7 -1 y ii& h *9> 4 ffi 

* % 1 o 



(119) ft* 2000-509 150 

JS 1" & o ft Sto mco tf a - £ $t Si k m ^ r&tii -r & £ t ^ 5 -e § a 0 

ft J 7 - ^ t tig ft «j S-^t^v^^i^-^a^s- *fr1- & - 1 



A-f-iif-^v-^^a-^Aj^u 03£U A^SfSr (*7 7 

a-f-|i77^^;V-Av^^A (fly through paradigm) ^foUf^ 
§ 4 HfWt A «fc TOMfe ct tfiftgfc 7 V^AW| L ^v>| 

re.o.-<7)^t«#/n- KJ 



- if — tim fc-f&u&isxv^-if — *m jg-r * se* k n n ® % & m <d m 

ItMW (Orthographic) (perspective) j, ^jv 

- o (7) t - * 7 - k m w & $ tz \m fiffi t«tas;seias:ffioTfiisit 

i'flJ. 4- 7 - 7 f t^T^f,# t; JlS 1/ - y g > |±, if^t><£> 
«!!&}£$HKffl Lfc^fc ttftfcfc < , IE L < = 

- r - * 7 - >v K »± r - ^ ^ - x ^ e> $ tt, if & Ltzm&*£ it ilf- 
Iw^ait^^o ^f-lit^/i^ h<7) f^Ji'ffiC "represent 



(121) ft* 2000-509 150 

ati on attribute" )j fc^sgf £ £ £ K X V) , £*lfc<D£llir*ff tffc 



H'y i 7 -fid** f s J j. ? h , A- 7 , J it it 7° V < 7 |i 

/yx? J» H^bjttfv^7^^3?) s #^ t^V^i; § fc, ftT 

^^7, (bounding box) <£, J; ^ £ 7 A $ ftT ffiW^ 9 A >V (draw 

ing style) V) , % 3j -efctfftffa^E T A>£i8ffl&&.K LT^LfcSflM 
7;t^\ ftli||.t7y i ^f (f!)x.lfM^/^V7^^1-ro(7)Ril) of 

T'^f^m 4?4< tfc*©^ 7^ J f7l/-A, P.f.ft^7 7 

J £ , M'tt/ffi^M * * 7y i * > <r> tf v a 7 JV^fiO -gut LTI-x.^ £ £ 
&kfrmf^<r>£ $ 4^7nAf ^ - y 7 - H'y^TJV^ 
HLT4i^Uc -ilrt^xyr^ 7-y ti, f^xyf-f r^i:f©I 
'}±KM-ri>mm^'m^flX^^^t^lt, ^ ft ^ ft (ancestors 

ftT v> & v*i§-e% (fe t 7 A y m<D X n & H 7*y x ? h & & 1" & <7) 

M1-£77*;P hT^^ft&ttfttf fc&fcn 0 CGP?)» 
ij i; - xc^t ft£-f^T<777<) ^7-f 7*CJ;ott*"- £# 
x.£jftS Jg'l&fci, jgHcDfeCambient color), j£f^ (diffuse color), IE 
^|f-£L (specular color), ^s-fe (emmisive color), jt| § (shininess), ^^[^C 
transparency), g -co (show name), £zf-y b —cofeffl. (show annotatio 
n) -e^& 0 $ hK> ^ < ^fr<D7° l ) 7^ l~-> a -«Dtt&K "show dimensi- 

on" )J Itt^f*-ft^iti:^4vo ^yx^txi, r^JfUM^M 
tt^fUfflC " use intensity pseudocoloring attribute" ) J y — % -if- — }. -f- 



(122) ft* 2000-509 150 



;* - * - fcf- * ^- * £ g fcfc, ifrft Lfcffifc fr tf v a 7 Jl^ 

a 7 ;v K M *} *i 4 o - £iu £ ft n h fife tf V a 7 ;i> ^ * it o t 
£05, J.-^f-HJ: oT4?tifcf- ?7~JV K'vagEM (;t7v^ ><D$tM 

- KSJLTHS tTV-T. 7Jl/.^^)Jitt/f[t<7)^7 > ittr-i^# ; gr^^&o Lf*T 

- 9 7 - JV KCD tf v a7)^/T^tH, 3l|*)-fe y -> 3 > Tii^ ti^fg t L 
"C^3 it 4^— COlf ya7^|/7^4HS2)4Ja^^o & £ A, £ ;lt li 

.Mi, #tfa-7-rt K3W<V-r- 9^-7,<D^ ^-S-fflit1" 

r4i/ii/ea-/ii/}±w 

<3\1 htLZftvPT- 9 7 -f - ;u K (typed data field) j&RidU 7 7° 'J 

H^ffiSfcu-eiv^ &^-*»i£**i3, ^f-^^-^tJ: h $ 

7° n h ? ^ 7 K m Mol t h it tz ®m it * <r> 7° n h 9 -f 7 Tr £fi£ 3 ti £ # A - 7 
K&ffl3:fc*o fcei^yc J: otf oftMil^KiC* - 7-f K3 



(123) ft* 2 000-509 150 

-JlftW^n^ty-A VXll^ft^ <0tc#S^H|^^1-& o toy- 

X (Cyratt^MtSf-r;*-7^) ff)T-f"<-x>k%.-r&-<Ds'< 
>f > h /x** h D X F 

-?7t^ JV*&fifc1-* 0 DXFi/Tli^J;^ KKSeStis : 4 >t°~ hDX 



(124) 



f#gft 2000-509 150 



4 r /x***K- b r GB 



(Export Inventor)] ji , L * TV * 

7^7^77^w;^v? K-cMT&o fti^/Wi, ■« 

hMli, -f M7?-7ri'JH:|iLa^x>f'f r-f ifcfix;/ 
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D. Overview of Competitors' Technologies 

Despite the differences between the 3 target market 
segments, the underlying technologies are broadly shared. 
There are two basic categories of 3D acquisition 
technology— contact (such as probe or tape, ecc.) and non- 
contact (such as a laser and photogrammeoy). Contact 
systems involve bringing a movable measuring device 
(typically a needle-pointed wand or a mirrored reflector on a 
stake) to the point to be dimensioned. Non-contact 
systems, on the other hand, remotely measure (often with 
light reflection) the spatial locations of points on an object 
physically separated from them. 
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* frees measurement held from target 



Each technology has advantages and disadvantages. Probes 
tend to be more accurate, but are typically slow and 
cumbersome (since they gamer data point by point). Non- 
concact methods tend to be faster (as they eliminate the need 
for traveling to or coming into contact with each point to be 
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